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We have proposed a synergy space-borne observation mission using lidar and 94 GHz Doppler cloud

radar. The main purposes of this earth observation mission are to understand the interaction processes on

aerosols, clouds, convection, radiation, and precipitation comprehensively; to improve cloud reproducibil-

ity and cloud-precipitation processes in climate change prediction model; and to contribute to reducing

uncertainty in climate change prediction. Expexted products include: (1) microphysics of clouds, aerosols

and precipitations, (2) fall velocity of clouds, rain and snow particles, and (3) air motion in cloud, above

clouds and in clear sky condition. To achive the purposes, development of a high spectral resolution lidar
(HSRL) with doppler, multi-filed-of-view, and depolarization measurement functions is underway. In this
article, we report the outline of this proposed mission and the current status of development studies on the

space-borne HSRL. In addition, space lidar missions related to aerosol and cloud measurements studied at

home and abroad are reported.

F—TU—F HARY NIRRT A T —, TN,

=t Ky 7o —aHl

Key Words: High spectral resolution lidar, Aerosol, Cloud, Depolarization, Doppler measurement

1. 1FLBHIC

KEHT ORI T H 2 g saiil ) o A
b DIIEE % B 100% FBRIEOAHEEEL D D, &lE
ETINVOEEAIZE T 2 EHRBBECOBINTE RO
b - I E TR TWBY. 2018 4 1 24K
7 A T3 — A X D FEAT S 1172 Decadal Survey 2017
(DS2017) Y I BV TREEBMT R E LT [T
o) - EGHEE] T 7 o OVERE A ] [,
W, K] BTN, s E—EOIZL, %
NH2ERIICBINT 2%2 I v ¥ a v ACCP

©2020 Laser Radar Society of Japan

(Aerosol, Cloud, Convection, and Precipitation) %31.%
EFshiz. ACCP X v ¥ a YOMEIZBWT, K
SR OAFEEE ORI ET NV DE - =T
OV - R - R - BK T B A DS ICEE
LB BRI A= 03F Lo bN, Bz,
I7a YV U CIRTH R R & T H R R 1L
FRED A, BRI L TIREKE, ARPLE
EMOFESA & o 72 55 2 e BRI ATF 2% X
NTWaN. ZhHD85 2% 2 GREIICEH -
W RERmEBIy v a voOREDOHT, 4
F—3EE Ly —0—2L LTHEFLLTY

55



HRBREH AR MV T 4 57—

5. F72, 7V ORKIREANOFEER T
ot AHFEE L CBRETFHon Eozo0 [7 1
VOVERTE A | BRI DS2017 TREIF S, Fo

BE»PSH 45— 3F ey —L LTIER
FonTns
7uav) - (kmﬂ%)@ﬁ@%IﬁmaL

tx«—1747 1, 1994 4FI2FTH RiF s
AR—=ZAY ¥ PUVEBROIEEI —HILIA ¥ —
LITE 246 D,
b7z CALIPSO fif R WD 2 W Rt 7 1 ¥ —
CALIOP, 2015 4EI12¥TH EIF SNz EBTH AT —
Va rEBBROWEES32mm DEARY FIVARS A
% — (HSRL) BFillBfE % 4 L 72 CATS, €L T
2022 4T H _EVFF % O EarthCARE f# £ O Ik &
355nm @ HSRL T& % ATLID & R4 & fiv T
%. —7, ATLID DLREIZ BT 5 KEHMF Ol %

FHHELAR=—ZAFA ¥ =3Iy are LT
[EESN-d o] JEN - B L I, KA
BTEHN A R—Z T A & — ONRFT M O ST Z AR
BRI BEBEOREE 25 TWh., 22T, A
ATLID IBED KA A X — 2 5 4 ¥ — 12 X B KA
BT OEFRBMNET IOV TR ZED TV S,

AT, A DA % D T B RERT-FH
D2 ODEREWEBANRT N IVGIRES 4 =200
THE T2 LIz, BN THREPED SNTW5
KERFEHINCBE S 2 AR—AF4 F—3I v ¥ g
IOWTHINT 5.

2. KRHFEHAICED B AN—A T4 4—
Ty avNEM

K [ T I Decadal Survey 2B W TED b7z
ACCP X v ¥ a YOREFHHITED ShTw
5. ACCP v ¥aryTl ky¥—71FTid%k
{, BRI LHERCOPHEFLZO/T—F77
Frx 2L HWETF, TNOERE - METL#ET L L
Vol = — 7 RPEITHREN - TWwb. 2022 4F
W7 —=F77F v xPsE L, 2020 FAKICHT S L
FAHZERTFEESNTVS., KAk f3HT 4 57—
ELT, WGl ErsE% A L7 Mie fiELT 1 5 —
REANRT PRI A ¥ —%, FRELTIE
1064, 532, 355 nm TOHEEIE K OFIHH»ME ST
W 5. CALIOP % CATS @ 92 %% & 12, il o
Decadal Survey (DS2007) (Z38\»CHPH 172 ACE
(Aerosols, Clouds, Ecosystems) I v ¥ 3 ¥ TS &
NEMie LI AF—REHARZ VVHIHRT A

Thttps://science.nasa.gov/earth-science/decadal-surveys/
materials

56

BIE S EH T 2006 4£123TH B

2ile LRSJ liﬂ‘i\‘i

</ >  Laser Radar Society of lapan L —H v gtee

—~——————

WXk Ta v - EOAERBI (M FY)

¥ —Hi b ACCPIZBI) 5 HAMMET OB L 7% -
TWh. CALIOP O FfE % 12, K45 f# g 100
m, &S RE30m (B 8km LLT), 60m (&
FE 8 km Ll L) 2SEHMl s RREDfREEE LTI LN
TWab.

WM cid, ARRIER Bk EBEW I v > a v
EarthCARE THWHN A7 7 7)) - R —F it
% W72 9% & 355 nm TP HSRL T& 4% ATLID OB
D LN TEY, $7TH LIFHED ATLID O#H
SRR AHH S Y. JEA LT 2018 4EICESA X V1%
P o N7 AR BN A 2 ADM-Aeolus IZFEIR S
729 % 355 nm T® HSRL T3 % ALADIN Tid, i
BIOREHFFADZHIZT7 77 - Ra—T#
e 74 V=T HwLNTWS., KEHT 7
Oy 7 MIAY Y7705 27 PO THY, ¥k
& 355 nm TOHFARER % H HEARBEF A S
hcTwz?

FEICB VT, a@%%ﬂtw%mwtﬁﬁ
532 nm T HSRL |2 & % & ERkfg 28 3
ACDL (spaceborne Aerosol and Carbon dioxide Detec-
tion Lidar) 2SHE XT3y, 22T, 532mm
T O HSRL #HlIIC, # & 532nm TORGE L O
1064 nm T Mie #EL 7 1 5 —FHIIC X 2 K&HR T
ﬁMﬁmi%nfwé.E11WMmT®v—
P—E D G T, BB ESRIGEC
CO, DEMRIEF b ITh 5.

EIIZB VT, HSRL HiiE w7 2B S
A5 —=3IvvaryomidezksEDTBY, NE
IZDWTIR 3 EIZTEBARS. [5 505 H B 5G]
DHYHETEIA T+ —ABKE - VE— k&
I TaRE L X AMERBIN T v N YA v
OWEDO—RE U CREAHIREBIN I v ¥ a YRR
2018 FE L VEBEEBEINS L HI2ARY, kI
BB v > a YO - BElirEo shTwb
Fx b ERAEANDIBHEE TR > TE 729, it
FEFRFH AT — ¥ a vy 2 IO hig - N4 < 2
WIv¥a >y MOLIY AT L CTWwb. MOLI ¥ v
v 3 Y CTIRIEE 1064 nm TO Mie il T 4 5 — ¢
FherH—LTHwLN, ERNMEZRDANR—
ATGAFT =3Iy vaveib 1980 ERE TS
1990 4EARIC 20V F THERT E 7z Mie BREL T £ 47— 12
X B K&k T E B I v ¥ 3 ~ ELISE/MDS-2¥
BEHIZEES B od, TITOL—F—%0
ANR—=ATA T —DOEMBEELMOLI X v ¥ 3 v
NEEEDR S5 TWD, MOLL 2 v ¥ 3 ¥ TlEHEMKOM
EEEORiE - N F~v2ATay s b, 2¥
vAT7Tuy s ML LT, ERRTT O VIV
FREBOMBEFIC L 2 RERT 7057 b OREF

v vav

L=t v v 7East 8185 25 (2020)



i+ 5

WENTn5b,

3. E-1T7OYVIL - 3tk - G - BRKERA
Tvav

31 BHR -EH

NASA 312 X % CALIOP 3 X UF CloudSat f#f &
BROEL — 5 —12 X 2 E&3kENE, KRR T-D 3
RICHTATZFES I L, BEK R R B I O FHi D
BERWEER R L. —HT, ool - i
Bkge o, wik T XEBE RSN Flz
X, ChoMEBRT— % 2 i E2R0H:Erk R
WCIETFHEOEVICE2HELRESDENRAR SN,
ZOFERENELLT, - 270V VEORTFIE
DE, TA T —FHIIE TN L EHELK G DI
Do E, ZOMENTEOENEEIT SR
729 72, BRZFTEAL, KRAMT-OMWAR
wOHEEN D AHESHIET 5. HIZ, fABRN
T — 5 DR R L KIEEE TUE TV OMRE D
BICH AN SNT, (BT FEOWHZIT TIE
%K) SBEETNVOEBRINERE - BAKOEH T 0
Y ADYHDLETH B EDRBENTNE 1,

INSOYFBEDDIZIE, E- 7V - Rt
S & N - N e G 1 113 3 N o e <% L D2
AT LAHNE L %, EarthCARE X v ¥ 3 ¥ T,
ATLID & 3812, 94GHz D Ky 75 —F L — & —,
ZWEA A=V v —, LB B RS
CALIPSO - CloudSat 3 v ¥ 3 ¥ Dk & % 5 W
MBIy arvthoTnb, EL—¥—
DKy 77 —FHUEREORIMI L b, 2 - FKEY
FRERVE & 01 2 00 P BR 0D S8 3 15 O HE 58 ASTT RE &
7Y, 77y 7 AMBOEES AT TS, T
\Z, HSRL Hiffi#EA LT, KEHB T OMBIRE -
BH AR OHE ARSI L35 2 12X B0
ORI R HE D WHEEINTWS. —Jf, BarthCARE
I v ¥ a YPRBROREI 2 VY — & i K5k T
FRBNI v ¥ a YIZBAED L ZARM CRIEE)
Lo Tn5hb,
KEKTEFHAR=Z T 4 F—OFHPIIIE I —
BElo 4 ¥ —HEMm»AH w5 h, LITEB X O
CALIOP |2 & ) KIhHMEH S iz, ZFotk, HEUR
b X ORI HERE DM E N X 2 EMEOA
Tl FEPE DAL & T Hm O BNEF # JH\vy, HSRL Hedfr
HE A ENTz. CATS Tid 3 7 EWINE L % w7z
#5532 nm TO HSRL FHAM A &, kilify 2
54 % —ATLID CTiZ7 7 7V - xa—+t#ir 2 H
W7z 355 nm TO HSRL M S W S 5 12 E
Y, HSRL HMiOF I KGR FEHIHAR—=Z 5
A T—DAY T —=FKEh)oOH5b.

ZZ CTH 4%, EarthCARE X v ¥ 3 Y Ok%EH
Wz, BMARY NVGTRT A ¥ —% GO -iEEAl &
VY —FERELLE - 7OV - 5 - ST -
FEKDOWURER 2 2EREFEBIN I v ¥ 3 Y OME = #
HTWN5D.

3.2 BAINTGA—REREBRE H—

FREENZ RT3 72012, KI v ¥ a ryTIRUT
N A=y Ot BEE LTnwa.
cEZ 7OV - W - BEE OB - BOHRE
- BRI T O ¥ T
- 2N TOHER
R TCTOER (BTHLY LHOBRLED D)

INHNRT A =5 2T 572012, DT O
B HiolBEL—F -4 ¥ —FMEL, EHITN
7 HAMT B R AED T 5.

EL—¥—

Ky 77—k LZ A L7294CGHz EL — ¥ —
E35. L—FRHERT, Fy7I—#E Fy 7
T —HEIRZ S 5. ShE T TORHN % He/ MK
L9575 3 FMEHINC X 2 KT b HE W
NBE 2179 .

FA ¥ —

29K (532,1064nm) THE FH 2T 2 5
4 & —&35%. % 532n0m Tld HSRL &l % 17
W, 2R TOmMGHE DITH. T, B
KONy 77 —5HlIRREZ Nz, BEO FIEEH %
FEBT D, Firoeikih e LT, SR & LA
DL AR A FEB L, SEEEUE S5 2R L7
HHEMIIENEOWNIEOE N ZIT). KIA4 F—D
FRREfL & LTI, 9%3 355 nm T HSRL HfED
BN Ry 79 =R 3 FILAE Sh, 20
Bt D 5.

3.3 A A—EFRBEMOER

BHFE B D b &, EarthCARE % L T ADM-Aco-
lus 52 O BN G F % i 9 5 e O ReEh I & >~
=1L M EEABN Y AT 2 OEZED TV
W 72, ZOWEBNY AT LAOBNT— ¥
%\, EarthCARE, ADM-Acolus # 2 7 — % %
5 REHRLT- O P E & BNEHE R 2 BT 572
DOWEFEOMEET > TS, ZORFKL
HeEFHEE T LR IC X 223k — ¥ 2 fifT
L, ERRBILOE - BT THRED (T X5
V¥ —3 g v OMGE - WREEZTV, BOSUREES)
HE~EMT 22 &%, EAFHBELTWS.
IR AR T UL P R 355 nm T OOt HSRL (Fig.
) 2, 28 S ERERELET 4 57—

57



HRBEWE AN VVGIHES A 57—

i H],,

it -m

Fig. 1 Polarization HSRL at 355 nm (left) and Multiple-field-of-
view multiple-scattering polarization lidar at 355 nm
(Right) constructed at National Institute of Comunication
and Technology in Koganei, Tokyo.
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Fig.2 Observation results by 355 nm polarization HSRL on 2
October, 2019.
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Table 1 Calculation condition used in the simulation analysis for
the space-borne HSRL at 532 nm.

Item Conditions
Satellite altitude 400 km
Laser energy 50 mJ
Repetition rate 50 Hz
Telescope diameter 0.6 m
Field-of-view 65 prad
Vertical resolution 300 m
Horizontal resolution 10 km (70 shots)
Quantum efficiency 0.5
Band pass filter 0.2 nm (FWHM)
Background noise 74 WmZum st

V=Wt v v rank 81558 25 (2020)
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Table 2 Optical properties of aerosols and clouds at 532 nm used
in the simulation analysis®.

Particle B S Range S
type [m'sr!] [sr] [km]
Aerosol
Back- | 2.5x10xexp(-z/2) | 50 2-35 0.0
ground
Dust 2.6x107%x 50 3-5 0.3

exp(-(z-4)*/1.5%)

Urban | 4.0x10"%xexp(-z/8) 50 0-2 0.0
Cloud
Cirrus 3.0x107x 20 9-11 0.4

exp(-(z-10)%/1.5%)
%z is altitude. B is backscatter coefficient. S is lidar
ratio. 3 is depolarization ratio.
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Fig.3 Simulation of the space-borne 532 nm HSRL measure-
ments. Signals detected by Mie channle (Black) or
Rayleigh channel (Green) during day (dotted line) or
night (solid line) and their uncertainties are plotted. The
extinction and backscatter coefficients derived from the sig-
nals and their retrieval uncertaines are also plotted.

BB OHEFREE, BRI TOZT T IVEICHL
TUE 30-50% FERE, ZRICxt L CHhIMEOM W 1)
AT LTIE30% LT & BB SN BITHELR
B L idz ey - B2 LTEEIC10%
UTEZRoTwad, Lil¥yIalb—3 3 VR,
LEBREDVPAMEE LIS DL, BFOLIIHER)
REGATVRW R EliS b DOTIED 575, EiE
BIOMHTEOGRIC X %€ - HEEREOMN L
EW, BUERIE % o T b HSRL 4l o K&
KTFHIAR=2 5 4 F—=~DsHIZ 5 ifEo
LTAHMRLEZONS.

3.4 MRITFEDRRE
Ry vaviZBwaid, FHllE HER T —

5 % 72 KRR T 50 BRI B £ O BE4E
HoRHEDEHELLEETHY, 77— ¥ FikCo
W OB - BiEt b FAEFICHED TWwWAb. CALIOP B
XU CloudSat L =% — % IV Zoith - 47
R B BUERE'Y R, HSRLR TV IA ¥ —%
Huwizo7 o LB o @ o B %
EiToC&. INSOMNTFELZISH L, Earth-
CARE I v a v iZBIFAIFIAF—-EL—F—%
HAW2E - =7 a V)V LD R % JAXA Bk
DT THEDTVLSY . T2 BIFFHEOEEL
ELT, F4V—DLEMEGEFEZZOEHET +
7— FHETFREORELEDTWEY. Zhbo
FERIBH - BETLIETAI Y Y3 Y THWS
AP~ HET L T ThiTED
CALIPSO/CloudSat, EarthCARE, & L TAWIZE CTHE
RTHKMAHEREI v v a VO o E 4,
BLAY—AVARIKILE - =70V - KD
EW7as 7 hoglhE -3 L b ARREOKRE
HHEEO—DOTHA.

4. BbHYIC

AETIE, AW THEZEDTNE T 5 — -
BL—F =T e L2E - 7)) - g - &
Ut BOKOERM REEBIII v a v oME L,
FOWMEI Y ¥ aryTHWSN A HSRL O B%E -
BEHRDLIZ DWW THeE 3 2 & I612, K& FRHIC
MbHAR=ZATAF =3y ¥aryOENTOE)
MOV T D EbETHRA Lz, SECIREREEE
L THGET SN Tw A RERFEHIAR—Z2F 4 57—
¥, CALIOP ORIV, Mie BiELT 4 5 —H 5
HSRLNE ZOHENR Y, HE/AAINTETW
5. HRETEANR=ZA5 A 5 — DM - #%
BAHTAHLODBRENTHY), AR—ATL F—
DOFERBIE 2. T4 T —HMOBAEEZFHD S
I, AR=ZAFA T =3 v ¥ a3 ORI
F72 k) —REORNPLEL STV,

E

ARFgelE, FHFELEIIZE S (JP17H06139) B &
N JAXA %852 (EarthCARE RA) D&% 217
THEHLNLTW5S.

BEXH

1) IPCC fifth assessment report, 1535pp, 2013.

2) National Academies of Sciences, Engineering, and Medicine
2018. Thriving on Our Changing Planet: A Decadal Strategy
for Earth Observation from Space. Washington, DC: The
National Academies Press. https://doi.org/10.17226/24938.

3) Illingworth A. J., Barker H. W., Beljaars A., Ceccaldi M.,

59



HRBEWE AN VVGIHES A 57—

Z

4

s

5

6

i)

~

7

=

8

9

~

10)

—

11

12

~

13)

14)

60

Chepfer H., Cler-baux N., et al., The EarthCARE satellite: the
next step forward in global measurements of clouds, aerosols,
precipitation, and radiation, Bull. Am. Meteor. Soc., 96, 1311~
32,2015.

Atmospheric Dynamics Mission, ESA publication SP-1233
(4), 1999.

Chen W., Liu J., Hou X., Zang H., Ma X., Wan Y., Li R., and
Zhu X., Developing status of spaceborne lidar for aerosol and
CO, measurement in SIOM, Proceeding of ILRC29, S1-23,
2019.

WA Al SARMORES, VSR, AHEE EHE—
Fy#?—%b~ﬁt%ﬁﬁﬁ~%1&7bwﬁﬁ‘r
Ry TIT—=FA4AFICLBE - 7YV - SREGEBLII
I v ¥ a3y, MSD47-09, JpGU-AGU Joint Meeting 2020,
2020.

WIANOL, PHBEHE, R T, AZ5EW], BT,
R, M, W4T A 54— (MOLI), MSD47-10, JpGU-
AGU Joint Meeting 2020, 2020.

AR IR, REBEZ, A, SRR R 7 A
F—oB%, H1IoOBL—Frry Yy RI T A,
55-56, 1998.

Cesana G., Chepfer H., Winker D., Getzewich B., Cai X.,
Jourdan O., Mioche G., Okamoto H., Hagihara Y., Noel V., and
Reverdy M., Using in situ airborne measurements to evaluate
three cloud phase products derived from CALIPSO, J. Geo-
phys. Res., 121, 5788-5808, 2016.

Jing X., Suzuki K., and Michibata T., The key role of warm
rain parameterization in determining the aerosol indirect effect
in a global climate model, J. Climate, 32, 4409-4430, 2019.
Okamoto H., Sato K., Fujikawa M., Oikawa E., Nishizawa T.,
Ishii S., Jin Y., Aoki M., and Sugimoto N., Development of
synergetic active sensor system for evaluation of observations
by EARTHCARE, EPJ Web Conferences 237, 07011, 2020.
Nishizawa T., Jin Y., Sugimoto N., Okamoto H., Fujikawa M.,
and Ishii S., Development of a multiple-field-of-view multi-
ple-scattering polarization lidar system at 355 nm for cloud
measurements, EPJ Web Conferences 237 07009, 2020.
CEYES E#Ez,ﬁkﬁ SEHARIR, VE IR,
OB, MR Al srEEET o0 f v ae—L»
FEy 75— Jfﬁlﬁﬂ/@fh AP, 5537 L —H—
I TV YRT T A, 65-66,2019.

Jin Y., Nishizawa T., Sugimoto N., Ishii S., Aoki M., Sato K.,
and Okamoto H., Development of a 355 nm high-spectral reso-
Iution lidar using a scanning Michelson interferometer for
aerosol profile measurement, Opt. Express, 28, 23209-23222,

18) WA Al

B oEE

E’:H' F}{} [

gale LRSJJ. ‘l

N ey )
O >  Laser Radar Society of lapan I/—*f’c/J,/’)‘—‘?x

—~——————

&7y - EOLIRBI (E FH)

2020.

15) Tucker S. C., and Weimer C. S., The optical autocovariance

wind lidar. Part I: OAWL instrument development and demon-
stration, J. Atmos. Ocenan. Tech., 35, 2079-2097, 2018.

16) Okamoto H., Sato K., and Hagihara Y., Global analysis of ice

microphysics from CloudSat and CALIPSO: Incorporation of
specular reflection in lidar signals, J. Geophys. Res., 115,
D22209, 2010.

17) Nishizawa T., N. Sugimoto, I. Matsui, A. Shimizu, Y. Hara, I.

Uno, K. Yasunaga, R. Kudo, S.-W. Kim, Ground-based net-
work observation using Mie-Raman lidars and multi-wave-
length Raman lidars and algorithm to retrieve distributions of
aerosol components, Journal of Quantitative Spectroscopy &
Radiative Transfer, 2017; 188, 79-93.

i #E VT #k,  CloudSat/CALIPSO/EarthCARE ff
B X 5 ZWIMREMNT, HARY E— by r 7%
75, 39, 197-206, 2019.

19) WA, Tk B, BEWT, RII%KH WA 8,

EarthCARE fif 235 7 4 & — 7 — s 2wz 7a
Vo EBEETVTY RN, ARV E— by Yy IS
B, 39,215-224,2019

20) Sato K., Okamoto H., and Ishimoto H., Modeling the depolar-

ization of space-borne lidar signals, Opt. Express, 27, A117-
A132,2019.

BE 2004 SE WAL R AR 22 BE B 7R )
WERRREZE T L, HEE L o%
Y. EOtk, HARZM RIS PD

(RBIT /LW FEH) & & T, 2007
LD NIES $:AAIgEH & L CHET
RIEFZERT I8 L, 2011 452 [RF
O IR L 2 5. HEIZ
] 7 B B 0 78 P BB EH AT 2E & o

y—BREBIOUMKRFZEHE. Ity b7 —2
T4 5 =Rk -
w/zzy7uav) -
WARY MR TA T —HDFTA T =T AT LD
FICHEHE LT B, BUTEE,  H BRI R sk 81 fir 2

W 7 4 & — 0BT — 5 2 H
Lo - B HEEFE ORI,

v ¥ 8 ¥ EarthCARE O 4 ¥ LY ZAF—AIZH BN
F#EEBERS 4 ¥ -2z 7a vy - Zif
TLITY ZLDOHEF—LDPIEZHDO TS, HA

ABFRRE, HARMKEKAERSES PGU) &H.

L= vy v rank 8155 275 (2020)



